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This paper presents an alternative classical mechanics which is invariant 
under transformations between reference frames and which can be applied 
in any reference frame without the necessity of introducing fictitious forces. 

The Universal Reference Frame 

In this paper, the universal reference frame S is a reference frame fixed to the universe, 
whose origin coincides with the center of mass of the universe. 

The universal position r a , the universal velocity \ a and the universal acceleration a a of 
a particle A relative to the universal reference frame S, are as follows: 

f„ = (r a ) 

v a = d(r a )/dt 

a fl = d 2 (r a )/dt 2 

where r a is the position of particle A relative to the universal reference frame S. 

The New Dynamics 

[1] A force is always caused by the interaction between two particles. 

[2] The resultant force F« acting on a particle A of mass m a produces a universal 
acceleration a a according to the following equation: F fl = m a k a 

[3] If a particle A exerts a force F# on a particle B then particle B exerts on particle A 
a force — F a of the same magnitude but opposite direction (F& = — F fl ) 
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The Definitions 

For a system of N particles, the following definitions are applicable: 

Mass M = nii 

Linear Momentum P = L ( m,v ( - 

Angular Momentum L = L ( - m i h x v i 

Work W = Si F, • dh = I; A 1/2 m* (v ; -) 2 

Kinetic Energy A K = A ! /2 m,- (v,) 2 

Potential Energy A J7 = - F,- • rfr ; 

Lagrangian L = K—U 

The Principles of Conservation 

If a system of N particles is isolated then the linear momentum P of the system of 
particles remains constant. 

P = constant [d(P)/dt = a,- = L' F; = 0] 

If a system of N particles is isolated then the angular momentum L of the system of 
particles remains constant. 

L = constant [d(L)/dt = m, r ,• x a,- = Li r,' x F,- = 0] 

If a system of N particles is only subject to conservative forces then the mechanical 
energy E of the system of particles remains constant. 

E = K + U = constant [AE = AK + AU = 0] 



The Transformations 



The universal position r a , the universal velocity \ a and the universal acceleration a a of 
a particle A relative to a reference frame S, are given by: 

r a = r a R 

y a = v a -tt>x(r fl -R)-V 

a fl = a a -2Wx(v a -V) + Wx[Wx(r a -R)]-ax(r a -R)-A 

where r a , \ a and a a are the position, the velocity and the acceleration of particle A relative 
to the reference frame S. R, V and A are the position, the velocity and the acceleration of 
the center of mass of the universe relative to the reference frame S. CO and CC are the angular 
velocity and the angular acceleration of the universe relative to the reference frame S. 

The position R, the velocity V and the acceleration A of the center of mass of the 
universe relative to the reference frame S, and the angular velocity CO and the angular 
acceleration CC of the universe relative to the reference frame S, are as follows: 



M = 


If" mt 




R = 


M- 1 if 1 m, 


r, 


V = 


M- [ if 1 m, 


v, 


A = 


M- [ If" m, 


a 


CO = 


I 1 L 




a = 


d(CO)/dt 





I = If" mt[\Ti - R| 2 1 - (r, - R) ® (r, - R)] 

L = If m ( (r«-R)x(v ( -V) 

where M is the mass of the universe, I is the inertia tensor of the universe (relative to R) 
and L is the angular momentum of the universe relative to the reference frame S. 
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General Observations 



The alternative classical mechanics of particles presented in this paper is invariant 
under transformations between reference frames and can be applied in any reference frame 
without the necessity of introducing fictitious forces. 

This paper considers that if all forces obey Newton's third law (in its strong form) then 
the universal reference frame S is always inertial. Therefore, a reference frame S is also 
inertial when (0 — 0 and A = 0. 

However, if a force does not obey Newton's third law (in its strong form or in its weak 
form) then the universal reference frame S is non-inertial and the reference frame S is also 
non-inertial when CO — 0 and A = 0. 

Therefore, if a force does not obey Newton's third law (in its strong form or in its weak 
form) then the new dynamics and the principles of conservation are false. 

However, this paper considers, on one hand, that all forces obey Newton's third law (in 
its strong form) and, on the other hand, that all forces are invariant under transformations 
between reference frames (F'= F) 
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Appendix 

For a system of N particles, the following definitions are also applicable: 

Angular Momentum L' = Li m t (r ( - - f cm ) x (v, - v cm ) 

Work W' = J" 2 F, • d(tt - f-cm) = Li A V2 m t (f ,- - v cm ) 2 

Kinetic Energy A A"' = L; A 1/2 m,- (v; - v cm ) 2 

Potential Energy AU' = L; - J, 2 F; • rf(r ,• - r cm ) 

Lagrangian L' = £'-{/' 

where f cm and v cm are the universal position and the universal velocity of the center of mass 
of the system of particles. E/J^m/ardfri-r™) = m,- (4j - a cm ) • <f(f f -*■<*,)=£,■ A V2 m ; (v,- - v cm ) 2 

If a system of N particles is isolated then the angular momentum L' of the system of 
particles remains constant. 

L' = constant 

d{\L)/dt = L; m,- (f, - r cm ) x (a,- - a cm ) = I,- m; (r,- - r cm ) x a, = L; r ; x F,- = 0 
L' = L; m t (f f - f cm ) x (v ; - v cm ) = L; nij (r,- - r cm ) x [v,- CQx (r,- - r cm ) - v cm ] 

If a system of N particles is isolated and is only subject to conservative forces then the 
mechanical energy E' of the system of particles remains constant. 

E' = K' + U' = constant 

AE' = AK'+AU' = 0 

AK' = L' A1 /2Wi(Vi-v cm ) 2 = L; A 1/2 mi [ v,- - G) x (r, - r cm ) - v cm ] 2 

AU' = I,- - J 2 F; • d(* ; - f cm ) = Li - J, 2 Fi • d(r, - r cm ) = Li - /* F, • rfr, 

where r cm and \ cm are the position and the velocity of the center of mass of the system 
of particles relative to a reference frame S, and (0 is the angular velocity of the universe 
relative to the reference frame S. 
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All forces obey Newton's third law (in its strong form) 

The universal reference frame S is a reference frame fixed to the universe, whose 
origin coincides with the center of mass of the universe. 

Therefore, the universal reference frame S is always inertial and a reference frame S 
is also inertial when CO = 0 and A = 0. 
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All forces obey Newton's third law (in its strong form or in its weak form) 

The universal reference frame S is a non-rotating reference frame (co^ =0) whose 
origin coincides with the center of mass of the universe. 

Therefore, the universal reference frame S is always inertial and a reference frame S 
is also inertial when m s = 0 and A = 0. 
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This paper presents an alternative classical mechanics which is invariant 
under transformations between reference frames and which can be applied 
in any reference frame without the necessity of introducing fictitious forces. 

The Universal Reference Frame 

In this paper, the universal reference frame S is a non-rotating reference frame (c&g = 0) 
whose origin coincides with the center of mass of the universe. 

The universal position r a , the universal velocity \ a and the universal acceleration a a of 
a particle A relative to the universal reference frame S, are as follows: 

f„ = (r a ) 

v a = d(r a )/dt 

a fl = d 2 (r a )/dt 2 

where r a is the position of particle A relative to the universal reference frame S. 

The New Dynamics 

[1] A force is always caused by the interaction between two particles. 

[2] The resultant force F« acting on a particle A of mass m a produces a universal 
acceleration a a according to the following equation: F fl = m a k a 

[3] If a particle A exerts a force F# on a particle B then particle B exerts on particle A 
a force — F a of the same magnitude but opposite direction (F& = — F fl ) 
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The Definitions 

For a system of N particles, the following definitions are applicable: 

Mass M = nii 

Linear Momentum P = L ( m,v ( - 

Angular Momentum L = L ( - m i h x v i 

Work W = Si F, • dh = I; A 1/2 m* (v ; -) 2 

Kinetic Energy A K = A ! /2 m,- (v,) 2 

Potential Energy A J7 = - F,- • rfr ; 

Lagrangian L = K—U 

The Principles of Conservation 

If a system of N particles is isolated then the linear momentum P of the system of 
particles remains constant. 

P = constant [d(P)/dt = a,- = L' F; = 0] 

If a system of N particles is isolated then the angular momentum L of the system of 
particles remains constant. 

L = constant [d(L)/dt = m, r ,• x a,- = Li r,' x F,- = 0] 

If a system of N particles is only subject to conservative forces then the mechanical 
energy E of the system of particles remains constant. 

E = K + U = constant [AE = AK + AU = 0] 



The Transformations 



The universal position r a , the universal velocity \ a and the universal acceleration a a of 
a particle A relative to a reference frame S fixed to a particle S, are given by: 

r a = r a R 

\ a = v a + & s x (r a -R)-V 

a a = a a + 2& s x (\ a -V) + & s x [& s x (r a -R)] + a s x (r a -R) - A 

where r a , \ a and a a are the position, the velocity and the acceleration of particle A relative 
to the reference frame S. R, V and A are the position, the velocity and the acceleration 
of the center of mass of the universe relative to the reference frame S. &s and are the 
dynamic angular velocity and the dynamic angular acceleration of the reference frame S. 

The position R, the velocity V and the acceleration A of the center of mass of the 
universe relative to the reference frame S, and the dynamic angular velocity c&s and the 
dynamic angular acceleration as of the reference frame S, are as follows: 

M = Yt l m 

R = M-^frmri 
V = M~ l lf rmvi 

A = m- 1 Yf l m*i 

d) s = ±\{F l /m s -F 0 /m s )-{r 1 -r 0 )/(r l -r 0 ) 2 \ 1/2 
&s = d(&> s )/dt 

where F 0 and F] are the resultant forces acting on the reference frame S in the points 0 
and 1, r 0 and I - ! are the positions of the points 0 and 1 relative to the reference frame S 
and m s is the mass of particle S (the point 0 is the origin of the reference frame S and the 
center of mass of particle S) (the point 0 belongs to the axis of dynamic rotation, and the 
segment 01 is perpendicular to the axis of dynamic rotation) (the vector 6) s is along the 
axis of dynamic rotation) (M is the mass of the universe) 
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General Observations 



The alternative classical mechanics of particles presented in this paper is invariant 
under transformations between reference frames and can be applied in any reference frame 
without the necessity of introducing fictitious forces. 

This paper considers that if all forces obey Newton's third law (in its strong form 
or in its weak form) then the universal reference frame S is always inertial. Therefore, 
a reference frame S is also inertial when = 0 and A = 0. 

However, if a force does not obey Newton's third law (in its weak form) then the 
universal reference frame S is non-inertial and the reference frame S is also non-inertial 
when (bs = 0 and A = 0. 

Therefore, if a force does not obey Newton's third law (in its weak form) then the new 
dynamics and the principles of conservation are false. 

However, this paper considers, on one hand, that all forces obey Newton's third law 
(in its strong form or in its weak form) and, on the other hand, that all forces are invariant 
under transformations between reference frames (F'= F) 
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Appendix 

For a system of N particles, the following definitions are also applicable: 

Angular Momentum L' = m t (r ( - - f cm ) x (v, - v cm ) 

Work W' = I,- J" 2 F, • d(tt - f-cm) = Li A V2 m t (f ,- - v cm ) 2 

Kinetic Energy A A"' = A V2 m,- (v; - v cm ) 2 

Potential Energy AU' = - J, 2 F; • rf(r ,• - r cm ) 

Lagrangian L' = £'-{/' 

where f cm and v cm are the universal position and the universal velocity of the center of mass 
of the system of particles. E/J^m/ardfri-r™) = m,- (4j - a cm ) • <f(f f -*■<*,)=£,■ A V2 m ; (v,- - v cm ) 2 

If a system of N particles is isolated then the angular momentum L' of the system of 
particles remains constant. 

L' = constant 

d{\L)/dt = L- (f i - f cm ) x (a,- - a cm ) = £ ( - m* (r,- - r cm ) x a ( = ^rjxFj = 0 
L' = I; /nj (f t - r cm ) x (v ; - \ cm ) = ot,- (r* - r cm ) x [ v; + <B S x (r,- - r cm ) - v cm ] 

If a system of N particles is isolated and is only subject to conservative forces then the 
mechanical energy E' of the system of particles remains constant. 

E' = K' + U' = constant 

AE' = AK'+AU' = 0 

AK' = A x lim i (y i -y cm ) 1 = £ ( - A 1/2 m,- [v ( - + ib s x (r,- - r cm ) - v„„] 2 

AU' = I,- - J 2 F, • - f cm ) = I,- - J 2 F, • d{n - r cm ) = L- - /* F, • rfr, 

where r cm and v cm are the position and the velocity of the center of mass of the system 
of particles relative to a reference frame S, and (bs is the dynamic angular velocity of the 
reference frame S. 
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